Abstract. The aim of the present paper is to build a simulation program to investigate finite-source retrial queuing system with collision of the customers where the server is subject to random breakdowns and repairs depending on whether it is idle or busy. All the random variables involved in the model construction are assumed to be independent and generally distributed. The novelty of the investigation is to carry sensitivity analysis of the performance measures using various distributions. Several figures show the effect of different distributions on the performance measures such as mean and variance of number of customers in the system, mean and variance of response time, mean and variance of time a customer spent in service, mean and variance of sojourn time in the orbit.
Introduction
Retrial queues have been commonly used to depict many real situations emerging in telephone switching systems, telecommunication networks, computer networks and computer systems, call centers, wireless communication systems, etc. In many practical situations it is important to bear in mind that the rate of generation of new calls decreases as the number of customers in the system increases. This can be achieved with the use of finite-source, or quasi-random input models. Retrial queues with quasi-random input are recent interest in modeling cellular mobile networks, computer networks and local-area networks with random access protocols, and with multiple-access protocols, see, for example, [3, 8] .
In practice a few components of the system are prone to random breakdowns so it is important to study reliability of retrial queues with server breakdowns and repairs. Due to this it has a heavy influence on the performance measures of the system. Finite-source retrial queues with unreliable server have been investigated in several recent papers for example, [2, 5, 7, 13, 14] .
In many cases including data transmission from disparate sources there is a possibility to be conflict for a limited number of channels or other facilities. Several sources launching uncoordinated attempts can produce collisions leading to the loss of the transmission and consequently the necessity for retransmission. An essential matter is to develop workable procedures for allaying the conflict and corresponding message delay. There have been recent results on retrial queues with collision in [1, 4, [9] [10] [11] [12] .
The aim of the present paper is to investigate such systems with unreliable server which are finite source, and collisions can take place. In this paper we build simulation models using SimPack, a collection of C/C++ libraries and executable programs for computer simulation [6] , to receive the desired performance measures. In this collection various algorithms are supported connected with simulation including discrete event simulation, continuous simulation and combined (multi-model) simulation. The novelty of this work is to provide sensitivity analysis using various distributions.
System Model
Let us consider a finite source retrial queueing system in which the number of sources is denoted by N and each of them can generate request with rate λ/N , that is the source time is exponentially distributed with parameter λ/N . If a customer finds the server idle it enters into service instantly. The service times are supposed to be gamma distributed with parameter α and β. When the server is engaged with a request, an arriving (from the orbit or the source) customer evokes a collision with a customer under service and both requests are directed towards the orbit. From the orbit it retries to be served after an exponentially distributed time with parameter σ/N . It is supposed that the service unit fails after some time which is an exponentially distributed random variable with parameter γ 0 when it is busy and with parameter γ 1 when it is idle. Immediately upon the breakdown it is forwarded for repair and the restoration time is also exponentially distributed random variable with parameter γ 2 . We suppose that when the server is unavailable every source is eligible to generate customers and sends it to the unit, and the customers from the orbit may retry to the server. Moreover, in this model we suppose that the interrupted request gets into the orbit instantaneously and all of its services are independent of each other. When the submission is successful, the requests go back to the source. All the random variables involved in the model construction are assumed to be independent of each other (Fig. 1 ).
Simulation Results

Scenario A
The following table shows the input parameters of Scenario A (see Table 1 ). Figure 2 shows the steady-state distribution of the three investigated cases. It is observed the mean number of customers increases as α and β are getting larger. Case 2 is a special case because when α = 1 it represents the exponential distribution. From the shape of the curves it is clearly visible that the steadystate distribution of the cases are normally distributed. The next table presents the considered performance measures in relation with the different cases (see Table 2 ).
In Table 2 Figure 3 represents the conformation of mean waiting time. The same parameters are (see Table 1 ) used as in case of Fig. 2 but here the running parameter is λ/N . As it is expected with the increment of λ/N mean waiting time increases as well but an interesting phenomenon is noticeable namely after λ/N is greater than 0.1 mean waiting time starts to decrease. Figure 4 shows the effect of the inter-arrival time on the mean successful service time. Because of the opportunity of collisions it can easily happen that one sztrik.janos@inf.unideb.hu 150Á. Tóth et al. job occurs multiple times in the service unit. Under mean successful service time we mean the average of those specific intervals when jobs are served appropriately. When λ/N is 0.01 the mean successful time is the highest then it starts to decrease as λ/N is increasing. This lasts till λ/N reaches 0.1, after it starts to increase.
On Fig. 5 the development of the mean interrupted service time can be seen. The opposite process happens compared to Fig. 4 . It is worth mentioning when the service time is exponentially distributed then the sum of the mean interrupted service time and the mean successful service time is equal to 1/rate parameter.
Scenario B
Scenario B is very similar to Scenario A except that now the distribution of inter-arrival times of the customers is not exponential but gamma distributed. The next table (see Table 3 ) presents the input parameters of Scenario B. Figure 6 displays the steady-state distribution of Scenario B. Now the service time is exponentially distributed (α = 1) and the inter-arrival time is gamma distributed. In these cases the steady-state distributions are still normally distributed and when α 1 is greater than 1 the mean number of requests in the system is significantly lower than in the other cases. In Table 7 the main performance measures can be found in connection with the cases (Table 4 ). In Figs. 7, 8 and 9 the service time distribution of the Cases is the following (Table 5) All the other parameters are according to Table 2 . The running parameter is α 1 so in this way the impact of different distributions on the various performance measures can be discovered. First the mean waiting time (Fig. 7) , after an initial jump mean waiting time starts to monotonically decrease resulting that as α 1 is getting bigger the less time the customers spend in the system. At the end the values of separate cases are almost equal. Cases despite the fact that at the very start it possesses the highest values of mean interrupted service time.
Scenario C
In Scenario C not just inter-arrival but also the retrial time is general distributed with the same parameters. Below Table 6 shows the input parameters of Scenario C. Table 7 contains the main performance measures in connection with the cases. This modification has no significant effect on the steady-state distribution (see Fig. 10 ). Of course the mean customers in the system is quite disparate but the distribution remains normal. Also when α 1 is less than 1 it results higher mean number of customers in the system compared to when it is more than one.
As in earlier in Scenario B in Figs. 7, 8 and 9 the service time distribution of the Cases is the following (Table 8) : Presently both inter-arrival and retrial distribution changes as α is increasing which results higher values of mean waiting time (Fig. 11) . With the exception of Case 3 the others are monotonically increasing. This is true for the mean successful service time (Fig. 12 ) but now Case 3 rises from the beginning. The last figure shows the effect of the inter-arrival and inter-request time on the mean interrupted service time. At the beginning the difference is quite high among the Cases especially Case 3 has high values compared to the others but it is valid till α 1 is smaller than 1 then the values of the Cases are nearly identical (Fig. 13 ).
Conclusions
In this paper a finite-source retrial queueing model was introduced with unreliable server and the possibility of collision. In all cases in all scenarios it turns out that the steady-state distribution of the number of customers in the service facility is normally distributed. We used SimPack to carry out stochastic simulation showing the effect of different distribution of service, inter-arrival and retrial times on several main performance measures.
